Abstract
Introduction
In recent years, the political economy of electricity provision in Germany has been strongly influenced by two factors. The first is the country's ongoing commitment to increase the share of renewable energy technologies, with green electricity production amounting to almost 33% of gross consumption by the end of 2015 (BDEW, 2016:11) .
The second factor is the nuclear catastrophe at Japan's Fukushima in 2011. This event had a profound impact in exacerbating a longstanding skepticism in Germany on the merits of nuclear power and led to the legal stipulation of its phase-out in the same year. Both factors are the most salient pillars of Germany's so-called Energiewende (energy transition), which advances the most ambitious subsidization program in the nation's history, with costs that may approach those of German re-unification. This paper presents evidence that the accumulating costs of Germany's Energiewende are butting up against consumers' willingness-to-pay (WTP) for it. We begin with a descriptive overview of the growth of renewable energy technologies in Germany since the introduction of the Renewable Energy Act (EEG) in 2000, focusing on increases in both capacity and the associated costs, which have to be born by electricity consumers via a surcharge on their bill. Thereafter, we turn attention to the public's acceptance of these costs, using the results of two stated-preference surveys conducted in 2013 and 2015 to elicit the households' willingness-to-pay (WTP) for green electricity.
The intertemporal data structure affords the unique opportunity to undertake comparisons of how WTP has changed over a time.
One challenge in relying on hypothetical responses is that they may yield estimates of WTP that have a substantial upward bias. This overestimation problem, referred to as hypothetical bias, is a well-known finding in the literature -see the meta-analysis by LIST and GALLET (2001) and the reviews by HARRISON (2006) and HARRISON and RUTSTRÖM (2008) . We tackle this issue by drawing on the certainty approach conceived by JOHANNESSON et al. (1998) for mitigating hypothetical bias. 1 To exploit the relative advantages afforded by close-ended and opened-ended hypothetical responses, two models are developed, one employing an open-ended question on the WTP for green electricity that is posed over two points in time, and the other using a closed-ended dichotomous-choice question framed around the WTP for reaching Germany's target of 35% renewable share in electricity provision by 2020. Upon stating their preferences, all households were directly asked whether they are probably or definitely sure about their WTP responses, following a similar procedure suggested by BLUMENSCHEIN et al. (1998) for implementing the certainty approach.
We incorporate this information into the two models of WTP, where the first mo-
del analyzes the open-ended WTP responses by splitting the data into two sub-samples according to whether the respondent is probably or definitely certain about their WTP.
Recognizing that certainty status and WTP might be jointly influenced by unobservable factors, we employ a switching regression model that accounts for the potential endogeneity of respondent certainty and, hence, biases from sample selectivity. The second approach analyzes the dichotomous-choice data using a linear probability model, with the dependent variable coded as one if the respondent affirmed a WTP for a randomly assigned hypothetical surcharge on their electricity bill for promoting renewable energy technologies, and zero otherwise. Following BLUMENSCHEIN et al. (2008) , we explore the implications of recoding the ones in this data to zeros among those respondents who did not express definite certainty in their answers.
Among our main findings, the descriptive results suggest tepid support for financing renewable energy technologies. In fact, the open-ended responses reveal a marked decrease of about 17% in the average WTP between the 2013 and 2015 waves of the survey, a period during which the surcharge paid by households for green electricity rose commensurately, by 17%. Overall, the survey results highlight a strong contrast between the households' general acceptance of supporting renewable energy technologies and their own WTP for green electricity: On the one hand, the share of respondents who agreed with the statement that, in principle, renewable energy technologies should be supported increased from 84.4% in 2013 to 88.0% in 2015. On the duced by CUMMINGS and TAYLOR (1999). other hand, almost 60% of the household heads reduced their WTP for 100% green electricity relative to 2013.
The subsequent section provides a summary of Germany's strong expansion of renewable electricity production capacities and the related costs since the introduction of today's feed-in-tariff promotion scheme in 2000. Section 3 describes the survey design and presents descriptive statistics. Section 4 provides a description of the estimation method, followed by the presentation and interpretation of the results given in Section 5. The last section summarizes and concludes.
Costs of Renewable Capacity Expansion
In Germany, renewable energy sources (RES) are promoted via a feed-in-tariff (FIT) system whereby electricity generated from RES has preferential access to the grid and is remunerated at technology-specific, above-market rates that are commonly guaranteed over a 20-year time period. The system has established itself as a global role model and has been adopted by a wide range of countries (CEER, 2013) , even some with a high endowment of sun such as Australia (NELSON et al., 2011) . In fact, FIT systems have been established in more than 100 countries throughout the world (REN21, 2015).
Since the implementation of Germany's FIT system in 2000, installed capacities of renewable energy technologies have increased remarkably, by more than eightfold between 2000 and 2015 (Table 1) . Photovoltaic (PV) systems, until recently the most expensive renewable energy technology in Germany, and onshore windmills have experienced the largest increase, with PV capacities sky-rocketing: In 2010 alone, more than 7,000 Megawatt (MW) were installed, an amount that exceeded the cumulated capacities installed by 2008. According to estimations of FRONDEL et al. (2014: 9) , the real net cost for all those modules installed between 2000 and 2015 amounts to more than 110 billion Euros.
In 2015, total RES capacities reached about 98 Gigawatts (GW), just 6 GW less than those of conventional power plants (last column Table 1 ), while the share of green electricity in gross electricity consumption was about 33% (BDEW, 2016:11) . 2 This relatively modest share owes to the fact that wind and solar power are not permanently available 24 hours a day. Consequently, to reach Germany's renewable goals of a 50% share in gross electricity consumption set for 2030 and 80% in 2050, a multiple of today's capacities have to be installed, an endeavor that will inevitably lead to higher costs of electricity generation. The strong increase in alternative electricity generation capacities in Germany and the resulting rise in the share of green electricity in consumption led to a surge in the surcharge that appears on German electricity bills (Figure 1 ). In 2015, the surcharge of 6.17 cents per kWh comprised roughly 20% of the average per-kWh price of electricity of about 28 cents ( Table 2 ). As a consequence, while comprising about 6% of total electricity production (BDEW, 2016:12) , PV accounts for 43.4% of total net promotion costs ( Additional costs arise due to the fact that a large portion of today's conventional power plants has to be sustained to compensate for the intermittency of wind and sun power, since storing volatile green electricity is likely to remain unprofitable for the next decades (HESSLER, LOEBERT, 2013:350) . Not least, substantial costs of several tens of billions of Euros accrue to consumers from the indispensable expansion of power grids, as the electricity produced by wind power installations in the north and east of Germany must be transported to the highly industrialized west and south of the country. In short, it is most likely that future electricity prices will rise further if Germany actually reaches its renewable goals.
Some sense for the extent of the likely rise can be gleaned from past developments. Between 2000 and 2015, electricity prices more than doubled, from 13.94 to 28.68 ct/kWh (BDEW, 2016:56) . For typical households with an electricity consumption of 3,500 kWh per annum, this implies an additional burden of about 520 Euro per year. In terms of purchasing power parities (Table 3) , German households now incur the highest power prices in the European Union (EU). In a similar vein, prices for industrial customers are also among the highest in the EU. Of course, whether these high costs are in fact justified from a social-welfare perspective depends on the size of associated benefits from the promotion of renewable energy technologies, a quantity that is admittedly considerably more difficult to calculate than the costs and one that is beyond the scope of the present analysis. Suffice it to note that the majority of studies that have tackled this issue have focused on quantifying specific benefit categories, such as carbon dioxide (CO 2 ) emissions reductions Perhaps the most important economic benefit relates to climate change mitigation.
On its face, the record in this regard does not look promising. Germany's CO 2 emissions have been relatively stagnant in recent years, even rising somewhat in 2015,
and an expert commission appointed by the country's minister of economy and energy has cast skepticism on reaching the target set for 2020 of a 40 percent reduction in CO 2 relative to 1990 (LÖSCHEL ET AL., 2015). One reason is the country's continued reliance on fossil sources to bridge the intermittancy of renewables. Mainly due to the nuclear phase-out, coal use, in particular, has maintained a relatively stable share in Germany's electricity generation, amounting to about 42% in 2015. The use of natural gas, by contrast, which has roughly half the CO 2 emissions of coal, is on the decline, with its share in electricity production decreasing from 14.1% to 9.4% between 2010
and 2015 (AGEB, 2016) . A further consideration is that even if Germany is successful in reducing emissions via the use of renewable energies, its membership in the European
Trading System implies offsetting emissions elsewhere in Europe, a point returned to in the closing section.
Given the now decade-plus history of unabated cost increases, coupled with the prospect that this trend will continue into the foreseeable future without notable evidence to date of environmental benefits, the question arises as to the public's tolerance 
Survey Design and Descriptive Statistics
To elicit people's WTP for green electricity, we developed questionnaires and commissioned the survey institute forsa to carry out data collection. forsa maintains a panel of more than 10,000 households that is representative of the German-speaking population and collects the data using a state-of-the-art tool that allows panelists to fill out the questionnaire using either a television or, if access is available, the internet. Socio-economic and demographic background information on all household members is available from forsa's household selection procedure and is used to derive a suite of control variables, the descriptive statistics for which are presented in Table 4 .
Recognizing that several formats to elicit WTP have been suggested in the literature (see Frew et al., 2003) , our interest here focuses on two formats that afford alternative advantages in gleaning estimates of the WTP for green electricity. The first, which was also employed by GRÖSCHE and SCHRÖDER (2011) and VANCE (2016) , uses an open-ended question that asks households to provide their WTP for electricity that is exclusively generated from renewable energy technologies.
Following a brief introductory text on electricity generation technologies in general, respondents were presented with the following text: "We request that you report the maximum amount that you, personally, would be willing to pay. As a basis for comparison, please consider an electricity mix comprised exclusively of the fossil sources coal, natural gas, and oil, which has a price of e100 per month". A more detailed extract of the questionnaire can be found in ANDOR, FRONDEL, and VANCE (2016).
3 Information on forsa's panel is available at www.forsa.com.
Upon stating their WTP bids, the respondents were asked about the certainty of their response. For this purpose, we use the certainty approach in the version suggested by BLUMENSCHEIN et al. (1998) , which asks whether the respondents are probably or definitely sure about their WTP responses. The share of respondents who are definitely sure about their WTP responses on 100% green electricity, described by certainty variable C, amounts to 67.37%, implying that a minority of 32.63% is just 'probably sure' (Tables 4 and 5 ). As elaborated in the subsequent section, we assume that dummy variable C reflects an endogenous decision of the respondents, which appears warranted given the considerably unequal shares of respondents across certainty groups. 13 Figure 2 presents the distribution of WTP bids and is divided into two panels.
The left panel includes observations from the entire distribution, while the right panel omits outliers. Sometimes referred to as 'protest bids' (HALSTEAD et al., 1992) , such outliers are bids for which respondents assign either a zero or an implausibly high value to the good, where we designate implausibly high values as being above e200.
Protest bids are relatively rare in our data base. For example, with 3.2%, the share of zero bids for 100% green electricity is small, and the incidence of very high bids above e200 is even lower at about 0.6%. The median bid from both distributions is e105, with some 25% of respondents reporting values of e80 or lower. There are at least two reasons why respondents would be willing to pay less for green electricity than the benchmark value of e100 for conventional electricity, notwithstanding the lower greenhouse gas emissions of electricity production from renewable energy technologies. The first is concern about security of supply, particularly given widespread media reports warning about blackouts in winter caused by increased network instability from the excess feed-in of wind power. Another is the perception that the proceeds from the feed-in tariffs are highly unevenly distributed across income classes and regions (FRONDEL, SOMMER, VANCE, 2015) , with wealthier homeowners and counties in the sunnier south of the country being the primary beneficiaries (GROWITSCH, MEIER, SCHLEICH, 2014).
Distinguishing by certainty status, Table 5 shows that WTP has changed over The open-ended format presented above has the virtue of allowing responses to vary in e1 increments over a broad range between e0 and e9,999, thereby yielding exact WTP information (CARLSSON et al. , 2011:791) . Nevertheless, the format has also been subject to criticism. In particular, concern has been raised that the format is not incentive-compatible (CARSON, GROVES, 2007), as would be evidenced by a prevalence of protest bids. It is therefore of interest to explore whether the tepid support for renewable energy observed for 2015 is verified by other evidence.
To this end, we evaluate the outcomes from a dichotomous-choice question that was introduced in the 2015 wave of the survey and was administered to a subsample of 2,720 respondents. The question, which gauges the willingness to incur marginal increases in the price of electricity, is preceded by a brief introductory text that indicates the share of renewable energy in electricity production at the time of the survey, 28%, as well as the government's target of 35% by 2020. The text further notes the 6.17 cent surcharge for the support of renewable energies in 2015, and includes the implications of this surcharge for the overall cost increase faced by a typical household over a year.
In detail, the question reads: "Would you be willing to pay an additional X cents on the per kilowatt hour surcharge in order to reach the target of 35% renewable energy in the electricity mix by 2020?", where X is randomly replaced with either a 1, 2, or 4. Given the nearly 4-cent increase in the surcharge between 2012 and 2015, and anticipated increases of at least one cent by next year owing to continued expansion of renewable capacity (AGORA ENERGIEWENDE, 2015), the provided range seems a reasonable approximation of the cost increases that households are likely to face in the upcoming years. Table 6 presents the descriptive statistics from the three treatments. The first column reports the share of 'yes' responses, while the second column reports the share that results when the 'yes' responses are recoded to 'no' responses among those who did not report definite certainty in their answers using the certainty question applied above. Following BLUMENSCHEIN et al. (2008:130) , the basic idea is that while a 'probably yes' response indicates some interest, it is unlikely to be sufficient to actually make a payment, rendering it tantamount to a 'no'.
Column 1 shows that slightly over half of respondents, 54.1%, report a willingnessto-pay an additional cent on the surcharge, a share that drops to 47% among respondents presented with a 2-cent increase and further to 33.3% among those presented with a four-cent increase. t tests, not presented, indicate that the respective shares are all significantly different from one another at the 1% level. The last column of Table 6 reveals a considerably more modest level of support when recoding the data according to the certainty corrective, with corresponding shares of 38.5%, 33.0% and 23.2% for the 1-cent, 2-cent and 4-cent treatments, respectively, which are likewise statistically different from one another. The degree of overstatement between the non-corrected and corrected shares for the three treatments ranges between 1.39 and 1.47, a somewhat higher ratio than the 1.35 reported in the meta-study of MURPHY et al. (2005) , though lower than the median estimate of 3 reported in the studies of LIST and GALLET (2001) and LITTLE and BERRENS (2004) . (Table 6 ).
Estimation Methodology
Two econometric estimators are applied to the data. The dichotomous choice data is analyzed with a linear probability model. 5 As in the descriptive analysis presented in Table 6 , we explore the implications of recoding the dependent from one to zero among respondents who did not express complete certainty in their answers. Table 5 requires a two-stage model to cope with the potential endogeneity of certainty variable C. We apply a switching regression model (see MADDALA 1983:223-228 ) that in the first stage divides respondents into two regimes, those who are definitely certain about their WTP on green electricity (Regime 1) and those who are just probably certain (Regime 0):
The analysis of the open-ended WTP responses presented in
In this equation system, WTP 1i and WTP 0i denote the household heads' individual WTP bids and x 1i and x 0i include their determinants, such as net household income, while β 1 and β 0 are vectors of the associated parameters to be estimated. 4 Not surprisingly, those who did not agree with the statement that renewable energy technologies should be supported exhibit a median WTP of e80.7, substantially lower than the median WTP of e101.5
among those who agreed with the statement. 5 Applying a probit model to the data yields marginal effects that are nearly the same as the coefficients estimated by the linear probability model.
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C is a dummy variable indicating the certainty regime:
where z i includes factors that may affect whether a household head i is either definitely certain about her WTP bids (C i = 1) or just probably certain (C i = 0). In the endogenous switching regression model, the error term u i is assumed to be correlated with the errors u 1i and u 2i of equations (1) and (2), as there may be unobservable factors that are relevant for both the selection into either regime and WTP bids.
Identification of the switching regression model requires the specification of at least one variable that determines the discrete first-stage outcome on WTP certainty, but not the continuous WTP response relevant for second-stage regression. We specify two such exclusion restrictions, both of which are based on the respondents' familiarity with electricity provision asked during the survey. The first is a dummy indicating whether the respondent is able to correctly state the per-kWh price of electricity within an error margin of 3 cents (Price Knowledge), while the second is a dummy indicating whether the respondent provides a good guess of the surcharge paid for renewable energy (Surcharge Knowledge), within an error margin of 1 cent per kWh. By law, this surcharge, which at the time of the 2013 survey was 5.3 cents per kWh (Figure 1 ), is included on every electricity bill. 26.2% of those respondents who provided a WTP bid for green electricity had a broad knowledge about the correct level of the surcharge paid for renewable energy (Table 5) , whereas 21.8% of them had a crude idea about the level of average electricity prices.
The unknown parameter vector γ that determines the (first-stage) certainty regime (3) can be estimated -up to a scale factor -using standard probit maximum likelihood methods, where, due to the indeterminacy of the scale factor, Var(u i ) = 1 can be assumed. The second-stage equations to be estimated are
where ε 1i and ε 0i are new residuals with zero conditional mean and (4) and (5) should be estimated by weighted least squares using the Huber-White estimates of variance.
Estimation Results
We begin with an analysis of the open-ended WTP responses. To provide for a reference point in estimating the determinants of an individual's WTP for 100% green electricity, we first present the ordinary least squares (OLS) estimates both for the pooled sample, as well as the sub-samples of those who are either definitely or probably certain about their WTP (Table 7) . Turning to the pooled results in the first column of Table 7 , all of the socioeconomic variables except for gender have a statistically significant association with the WTP for green electricity. The dummies for the age categories, even if not statistically different from one another, illustrate a pattern wherein individuals in older age cohorts tend to have an increasingly lower WTP, one interpretation for which is a reduced concern for climate change impacts that occur beyond the cohort's lifespan.
A similar interpretation may be ascribed to the positive coefficient of the dummy indicating individuals with children, who presumably have a greater stake in averting 20 perceived threats from future climate change and therefore have a higher WTP. Those in higher education and income categories likewise have a higher WTP, the latter of which can be interpreted as a standard income effect that would apply if climate is a normal good. The negative impact of the dummy for East Germany, which suggests a roughly 8-Euro lower WTP than in West Germany, points to large regional differences in Germany in the level of support for green electricity. Moreover, if we were to follow the conclusion drawn by BLUMENSCHEIN et al. (2008) to only take account of the WTP bids of the definitely certain, we would find an average WTP, as given by the estimate of the constant, that is lower for the group of definitely certain than for those who are probably certain -although not statistically significantly lower, as can be seen from the χ 2 -statistics presented in the last column of Table 7 . As was conveyed through media reports and by way of household electricity bills, the surcharge for green electricity rose from 5.28 Cents per kWh in 2013 to 6.17 in 2015 (Figure 1 ), corresponding to a 17% increase over the survey period. To the extent that the negative coefficient of -17.02 reflects a response to this cost increase, it would suggest that societal and political support for the Energiewende may begin to wane as households face continually higher electricity bills (see Figure 1 ).
Turning to the switching regression model that incorporates the certainty corrective, the first column of Table 8 presents estimates of the first-stage probit model (3) capturing whether the respondent reported a high level of certainty in their response to the WTP for green electricity. Gender, age, education, income, and geographical location are all seen to have statistically significant effects on this outcome. With respect to model identification, one of the two exclusion variables is statistically significant:
those with a broad knowledge of the EEG surcharge have a higher probability of expressing certainty in their WTP than those lacking this knowledge. Table 8 additionally presents the results from the second-stage equations (4) and (5) estimated on the two sub-samples that are distinguished by whether the respondent reported definite certainty in the WTP response. Most notably, in both models, the dummy indicating the second survey wave indicates a statistically negative effect across both certainty groups, providing further evidence that the decrease in WTP for green electricity has been large and broad based. The remaining estimates are also qualitatively similar to those in Table 7 , one possible reason for which is the absence of sample selectivity as indicated by the statistically insignificant coefficients on the inverse Mills ratio.
Having demonstrated the fall in WTP between 2013 and 2015, we now assess the implications of future increases in the surcharge for green electricity by way of the dichotomous-choice models presented in Table 9 . The table includes four models, the first two of which essentially replicate the descriptive results from Note: * denotes significance at the 5 %-level and * * at the 1 %-level, respectively.
The 2-cent and 4-cent treatments indicate statistically significant reductions in the share of respondents answering affirmatively for both models. In the certaintycorrected model, the 4-cent treatment is associated with a 15.5% point decrease in the probability of an affirmative response, nearly three times the magnitude of the 2-cent treatment, with a similar pattern seen in the uncorrected model. Overall, the results suggest a substantial decrease in WTP in response to surcharge increases that will likely transpire given the trajectory of increases over the past five years. Note: * denotes significance at the 5 %-level and * * at the 1 %-level, respectively.
Summary and Conclusions
Germany, a country with a sun intensity on par with that of Alaska (SCHWABE, 2016) , is home to 17% of the globe's photovoltaics capacity (IRENA, 2016) . This impressive circumstance did not arise from market forces, but was rather the result of a highly generous support scheme that extended technology-specific feed-in tariffs (FITs) to renewable energy sources (RES), with particularly high tariffs historically accruing to photovoltaics. The foregoing analysis has documented the substantial costs of this sup-port scheme. We have subsequently presented results from a stated-preference experiment based on two surveys in 2013 and 2015 that were intended to gauge the public's willingness to bear these costs.
Our calculations suggest that, in addition to the 125 billion Euros that consumers paid in the form of higher electricity bills for Germany's RES promotion between 2000
and 2015, over the next 20 years the overall costs are likely to exceed 400 billion Euros, a highly conservative estimate that disregards the required expansion of the power grid, among other factors. Since the introduction of the FIT under the Renewable Energy Act in 2000, household electricity prices have already doubled, following a trajectory that shows no signs of abating. This cost burden notwithstanding, the data analyzed here suggests that the German public, at least in principle, is highly supportive of RES technologies. Based on the 2015 wave of the survey, some 88% of respondents stated that RES should generally be supported, a finding that is buttressed by other polling.
Whether this principled support has staying power in terms of willingness-topay, however, is called into question by the results of our stated-preference surveys.
We find that when correcting for certainty status, only a minority of respondents are willing to support a future 1-cent increase in the surcharge for RES. Moreover, the results suggest a marked decrease of about 17% in the mean WTP for 100% green electricity between the 2013 and 2015 survey waves. Although hypothetical responses may yield upwardly biased WTP estimates, if this bias is the same across survey years, then the intertemporal difference in bids should be an unbiased estimator of the change in the WTP.
Presuming that decreased WTP is channeled into public resistance to increasing electricity prices, this may force a discussion that leads to a restructuring of Germany's energy transition and climate protection policy. Resistance may be further exacerbated as recognition grows of the marginal environmental benefits of the Energiewende in terms of greenhouse gas emission abatement: Germany's participation in the European
Emissions Trading System implies that the country's success in unilaterally reducing greenhouse gas emissions via the FIT releases tradable emissions certificates, thereby reducing their price and resulting in higher emissions elsewhere in Europe.
In short, high costs together with negligible environmental benefits render Germany's FIT highly cost-ineffective, a point that has been recognized by several expert commissions, such as the German Council of Economic Experts (GCEE, 2011: 219) and the International Energy Agency (IEA, 2007:76) . To improve cost-effectiveness and dampen future electricity price increases, the German government has recently introduced an auctioning system for the RES promotion, where RES capacities are auctioned separately by technology to foster competition among providers. As these auctions are technology-specific, though, there is still no competition across technologies. Costeffectiveness could be further improved if future RES capacities were to be increased by technology-neutral auctions.
More desirable, from the perspective of consumers, would be a fundamental reform of the support scheme that involves a switch to a technology-neutral quota system, which would make the suppliers of green electricity more responsive to the demand side. An additional increase in cost-effectiveness would be achieved if RES support schemes were to be coordinated at the European level, as is called for by the European Commission, thereby recognizing that the sun intensity is substantially higher on Europe's southern periphery than in Germany.
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